Noncovalent Interactions between Superoxide Dismutase and Flavonoids Studied by Native Mass Spectrometry Combined with Molecular Simulations.
Misfolding and aggregation of Cu, Zn superoxide dismutase (SOD1) is implicated in the etiology of amyotrophic lateral sclerosis (ALS). The use of small molecules may stabilize the spatial structure of SOD1 dimer, thus, preventing its dissociation and aggregation. In this study, "native" mass spectrometry (MS) was used to study the noncovalent interactions between SOD1 and flavonoid compounds. MS experiments were performed on a quadruple time-of-flight (Q-ToF) mass spectrometer with an electrospray ionization (ESI) source and T-wave ion mobility. ESI-MS was used to detect the SOD1-flavonoid complexes and compare their relative binding strengths. The complement of ion mobility separation allowed comparison in the binding affinities between flavonoid isomers and provided information on the conformational changes. Molecular docking together with molecular dynamics simulations and MM/PBSA methods were applied to gain insights into the binding modes and free energies of SOD1-flavonoid complexes at the molecule level. Among all the flavonoids investigated, flavonoid glycosides preferentially bind to SOD1 than their aglycone counterparts. Naringin, one of the compounds that has the strongest binding affinity to SOD1, was subjected to further characterization. Experiment results show that the binding of naringin can stabilize SOD1 dimer and inhibit the aggregation of SOD1. Molecular simulation results suggest that naringin could reduce the dissociation of SOD1 dimers through direct interaction with the dimer interface. This developed analytical strategy could also be applied to study the interactions between SOD1 and other drug-like molecules, which may have the effect to reduce the aggregation.